A photo-alignment of nematic liquid crystals (NLC) on a photopolymer film of polyvinyl cinnamate (PVCi) has been achieved by using linearlypolarized UV light. The mechanism of the LC alignment is clarified and good unidirectional LC alignment with pretilt angle is obtained by appropriate combination of normal and oblique exposure of linearly-polarized UV light to the PVCi films. This photo-alignment method is applied to fabricate super-multidomain (SMD) TN-LCDs making a feature of quartered pixels, and we demonstrate that reverse tilt disclination (RTD)-free SMD TN-LCDs is successfully fabricated by using the photo-alignment method.
Introduction
Recent progress in the fabrication process of active matrix TN-LCDs enable us to produce large-size LCD panels up to 21 inch diagonal. This in turn strongly demands to improve viewing angle characteristics and a grayscale capability of the LCDs. There have been reported several display modes to overcome these problems so far; dual subpixel (DS) TN-LCDs [1] , amorphous (a) TN-LCDs [2] , and so on. By computer simulations, we previously demonstrated that TN-LCDs with quartered pixels (SMD TN-LCDs) showed the best electro-optical (EO) performances [3] and preliminary results to confirm the simulation were also given. [4] In this paper, we present a detailed mechanism of LC alignment on PVCi films exposed by linearly-polarized UV light and give a new method to generate pretilt angle on the PVCi film. We also try to fabricate SMD TN-LCDs using the photo-alignment method, and successful results of the RTD-free SMD TN-LCDs is presented.
Experimental
A photopolymer material used was polyvinyl cinnamate (PVCi), which was dissolved into the mixture of monochloro-benzen and dichloro-methane. The PVCi solution with a concentration of 2 wt% was spin-coated onto a ITO-coated glass substrate and then the substrate was baked at the temperature of 100 °C for 1 hour. A UV light source was a 1kW high-pressure Hg lamp, and the UV light was linearly polarized by a UV polarizer made of a multi-coated dielectric film. Liquid crystals used were 5CB for pretilt angle measurements and ZLI-4792 for fabricating TN cells. LC cells were constructed by isotropic injection via a capillary action.
SMD TN-LCDs using a photo-alignment method were fabricated via photo-mask processes.
Results and Discussion

Photo-dimerization of PVCi molecules
PVCi is known to be utilized as a negative type photo- It was also mentioned [5] that the alignment direction of LC molecules was perpendicular to the polarization direction and this LC alignment direction was determined by the interaction with the dimerized side chains of PVCi molecules.
To clarify the detailed alignment mechanism of LC molecules on a PVCi surface, PVCi films It was also proved that LC molecules on the film were uniformly aligned along the direction of the side chain (perpendicular to the polarization direction). However, the exposure of randomly-polarized UV light to the rubbed PVCi films led to the disappearance of the optical birefringence as shown in Fig.2 (the open circles), and LC alignment on the surface became nonuniform. These results indicate that LC alignment on PVCi films exposed by linearly-polarized UV light is mainly determined by the interaction with the non-dimerized side chains through the anisotropic van der Waals force. [6] There are two important factors to utilize PVCi for practical device applications as an LC alignment film; one is an ability to align LC molecules unidirectionally, and the other is a function to generate pretilt angle for avoiding the appearance of reverse tilt disclinations. The unidirectional alignment of LC molecules on PVCi films is achieved by linearly-polarized UV exposure at normal incidence to the film. But in this case, two degenerate LC alignment directions perpendicular to the polarization direction exist, and generation of pretilt angle is impossible. Therefore, to generate pretilt angle, we propose a double exposure (DE) method, in which two linearly-polarized light beams exposed from normal (first exposure) and oblique (second exposure) directions to the film surface were used. The detailed illustration of the DE method will be reported elsewhere. [7] By using the DE method, we succeeded in generating pretilt angle and the result is shown in Table 1 . From Table 1 , it is clear that pretilt angle up to 0.3 ° is obtained and the magnitude of the pretilt angle is controlled by changing the incident angle 9i in the second UV exposure. The rather small value of the obtained pretilt angle may be related to the chemical structure of PVCi molecules and the weak azimuthal anchoring energy in the 5CB/PVCi system (10 -7 J/m2), and more research works are needed to increase the pretilt angle on the photo-processed PVCi surface.
Although the obtained pretilt angle is not enough for the practical usage, this is the first reliable demonstration of pretilt angle generation on the photopolymer surface. We also confirmed that Finally, we fabricated a SMD TN-LCD using the DE method. 
Conclusion
We presented a photo-alignment method of LC molecules by using a photopolymer material of polyvinyl cinnamate. An exposure of linearly-polarized UV light to PVCi films induced unidirectional monodomain LC alignment on the film, and the alignment direction of LC molecules were perpendicular to the polarization direction. The LC alignment mechanism on the PVCi film was proved to be arisen from the interaction between LC molecules and non-dimerized side chains of the PVCi molecules.
We proposed a new method (the DE method) to generate pretilt angle on the photopolymer surfaces and gave a first successful demonstration of pretilt angle generation. This new DE method was applied to fabricate monodomain TN-and SMD TN-LCDs, and we showed that RTD-free TNLCDs having almost comparable EO performances with conventional TN-LCDs were achieved by the photo-alignment method.
The results presented in the paper demonstrate the usefulness of the photo-alignment method for the application to a practical device fabrication process, and the method will become a future promising technology to fabricate high-grade LCDs.
